Statement of the Problem: Root resorption (RR) after orthodontic tooth movement (OTM) is known as a multifactorial complication of orthodontic treatments. Hormonal deficiencies and their effect on bone turnover are reported to have influences on the rate of tooth movement and root resorption.
Introduction
Orthodontic tooth movement (OTM), as an essential component of orthodontic treatment, is achieved by bone remodeling during force application. Orthodonticinduced root resorption (OIRR) is an undesirable pathological consequence of orthodontic treatments, believed to be unavoidable, as in histological studies occurrence of greater than 90% of orthodontically induced inflammatory root resorption has been reported. [1] [2] [3] [4] OIRR is usually asymptomatic and minimal with no clinical importance; however in rare cases, severe root resorption (more than ¼ of the root length) ends in root shortening and weakening of the tooth structure. [3, [5] [6] During orthodontic force application, tooth movement occurs as a result of alveolar bone resorption due to the osteoclastic activity on the pressure side and bone deposition due to the osteoblastic induction on the tension side. [6] [7] The periodontal ligament cells on the pressure side go through a necrosis process and after the hyaline zone formation, the tooth movement stops. The imbalance between osteoblastic and osteoclastic activities on the pressure and tension sides may result in resorptive areas on the root. [3, 6, 8] During the elimination process of the hyaline zone, mononuclear macrophages and multinuclear gigantic cells may damage the outer layer of the root which consists of cementoblasts. In more severe cases, the dentin may be affected as well. The resorption in dentin is irreversible and is considered a severe damage to the tooth structure. [5] [6] The risk of OIRR is affected by many factors related to the patient and the orthodontic treatment.
From all patient-related factors, previous studies demonstrated that systemic factors, including hormone deficiencies and alveolar bone density, could influence OIRR. [1, [3] [4] 6] The rate of OTM is also affected by many factors including bone turnover. [9] Sex hormones like many other hormones have an impact on bone turnover. The influences of estrogen, progesterone, and testosterone on bone metabolism have been reported in many studies. [7, [10] [11] The osteoporosis induced by estrogen and progesterone deficiencies in post-menopausal period results in bone loss and increased bone turnover. [12] Estrogens and androgens have been traditionally known as regulators of bone turnover in women and men. [8] The osteoporosis followed by the estrogen and progesterone withdrawal, affects the alveolar bone, promotes periodontal diseases and is a main cause of tooth loss. In orthodontic treatments, the increased bone turnover induced by lack of these hormones, results in progression of the tooth movement in an unstable pattern. [9, 11, 13] Osteoporosis and loss of bone mineral density caused by aging in male patients have also become an issue recently. [14] [15] Osteoporosis in aged males due to lower androgen levels and the effect of androgens on bone density have been subjects of consideration in recent studies. [14, 16] In males, androgens have been shown to be essential for skeletal maturation as well as maintaining the skeletal mass and bone density during mature stages. [17] [18] [19] Altogether, the effect of steroid sex hormones on bone turnover is inevitable.
There were studies designed to evaluate the effect of different bone turnover conditions induced by hormonal changes on orthodontic tooth movements and root resorption following orthodontic treatments.
These conditions included hyperparathyroidism, [20] hyper and hypothyroidism, [21] [22] lactating, [23] and ovariectomization. [2, 9, 24] The influence of castration before puberty was also investigated in skeletal maturation. [25] [26] Increased bone turnover in osteoporotic ovariectomized rats resulted in greater rates of OTM; however, few studies have demonstrated conflicting results on the OIRR rate in cases of estrogen and progesterone deficiencies. [2, 27] Therefore, the present study was designed to evaluate the effect of estrogen and progesterone deficiencies on OTM and OIRR of maxillary first molars 21 days after force application with coil springs in female castrated mature rats compared with healthy mature female samples. Moreover, as far as the authors are aware, there were no previous studies on the effects of androgen deficiencies concerning OTM and OIRR. Therefore, these issues were also evaluated and compared between healthy and testosteronedeficient mature male rats followed by castration 21 days after force application. Ten female rats were randomly placed in the control group and the other ten were selected for ovariectomy as the experimental group. In the male samples, 10 rats were randomly assigned to orchiectomy and the rest were placed in the control group. All the rats were housed for 7 days in the same place with similar temperature and light conditions and fed with the same diet for adaptation with the environmental conditions.
Materials and Method

Castration procedure
The rats were weighed with a digital weighing scale and 
Orthodontic appliance placement
After confirmation of castration, the rats were sedated once again and a slot was shaped on the labial surface of the right maxillary incisor by a high-speed handpiece. A stainless steel closed-coil spring (0.008×0.030 inch) (Dentaurum; Ispringen, Germany) with the length of 8 mm was attached anteriorly to the right maxillary incisor and posteriorly to the first right molar with a steel ligature wire and the attachments were strengthened by adhesive resin (Transbond XT; 3M, Unitek). The appliance was set to induce a 60 g-force.
The force applied was measured by a force gauge (Dentaurum; Ispringen, Germany). The appliance was not reactivated during the experience and was designed to induce a tipping movement in the first maxillary molar.
OTM measurement
Twenty-one days after force application, the rats were sacrificed by an overdose of ketamine hydrochloride.
The distance between the distal surface of the first and mesial surface of the second right maxillary molar was measured by the same examiner with an electric caliper accurate to 0.001 mm (Tide Machine Tools Supply Co.; Shanghai, China).
OIRR and histomorphometric analysis
The maxillary jaws were excised and after 7 days of decalcification, the first molars were embedded in paraf- 
Results
The hormone levels in the control groups at baseline and after 4 weeks were evaluated. The mean hormone levels in the experimental groups were measured before castration and 4 weeks after the operation. The descriptive mean values are presented in Tables 1 and 2 .
The independent t-test showed significant differences in the mean progesterone and estrogen levels before and after ovariectomy (p= 0.001). The results of tooth movement and root resorption were compared with independent t-test and significant differences were detected between the control and experimental groups in male and female rats (p=-0.001). Tooth mo- According to the results of independent t-test, the mean testosterone level in experimental male group was significantly different before and after castration, indicating the success of castration (p= 0.001).
In male groups, the castrated rats exhibited root resorption of 0.0041±0.0007 mm² which was lower than the control group with OIRR of 0.0079±0.0004 mm². Orthodontic tooth movement in castrated rats was higher (1.04±0.11 mm) than that in the other group (0.63±0.11 mm).
The mean values of tooth movement and root resorption followed by orthodontic forces are summarized in Table 3 . was about 33% greater in estrous level than proestrous level and suggested that OTM could be related to estrous cycle through its effect on bone resorption.
Discussion
[30] In this study, due to the decrease in both progesterone and estrogen levels after ovariectomy; it was not possible to evaluate the effect of progesterone on OTM exclusively. It has been assumed that progesterone had a specific role in maintaining skeleton integrity. [31] [32] In some experimental studies, the effect of progesterone on orthodontic tooth movement has been investigated in pregnant animals. Ghajar et al. showed a lower OTM in pregnant rats than non-pregnant ones, although it was not statistically significant with lower osteoclasts on the tension side. [33] It was previously demonstrated that testosterone affected the skeletal maturation and condylar growth while comparing the patterns in castrated and noncastrated neonatal rats. [19, 26] Previous studies on rat models reported the tooth movement to be divided into 3 phases. [2] In this study the samples were all sacrificed on day 21, while the third phase of tooth movement with an incremental line of increase should have been observed afterwards according to other studies. In future studies, the amount of tooth movement in days 1, 3, 7, 28 is suggested to be evaluated especially in testosterone deficiencies as studies have not investigated its influence on OTM previously.
As mentioned before, OIRR is a multifactorial complication of orthodontic treatments related to the patients' conditions and treatment factors. The tooth root morphology and abnormalities, previous history of root resorption, genetics, type of malocclusion, [4] history of trauma and systemic conditions such as asthma, allergy, [34] [35] drugs (Nabumetone) and hor- [23, 36] and alveolar bone density [1] are factors influencing the susceptibility to OIRR. The magnitude, direction, and type of tooth displacement, duration of treatment and the continuous/interrupted force application and type of appliance are factors interfering with OIRR susceptibility. [1, 3] In this study, the effects of sex steroid hormone levels on OIRR were investigated. The histomorphometric analysis of OIRR under light microscope showed a lower surface of OIRR in the OVX group than the control group. Sirisoontorn et al. showed an increase in OIRR in ovariectomized rats, which is not in agreement with the results yielded by this study. [2] In another study designed by Sirisoontorn et al., the OIRR decreased to the limit of the control group by the use of zoledronic acid, a bisphosphonate in ovariectomized rats and the ovariectomized rats showed greater rates of OIRR. [28] The mentioned studies evaluated OIRR in distal and mesial roots of maxillary first molar; while in our study, only mesial roots were evaluated. Sirisoontorn et al. reported no statistically significant difference in root resorption between the control and OVX in the mesial root; however, the groups were significantly different concerning the distopalatal and distobuccal roots.
[2] This difference could be due to the different angulation and morphology of the roots. In ORX group, the OIRR was also decreased in comparison with the control group. To the best of authors' knowledge, no studies have investigated the relation between testosterone deficiency and OIRR previously.
These differences in OIRR might be due to the imbalance in bone turnover. Previous studies demonstrated the effect of imbalanced bone turnover conditions due to other hormonal conditions on OIRR.
Poumpros et al. claimed that higher bone turnover due to hyperthyroidism, induced by thyroxin application, resulted in lower root resorption [21] and Becks suggested that hypothyroidism is positively associated with OIRR. [37] As estrogen deficiencies are believed to increase bone turnover, [9] 
